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RESEARCH MEMORANDUM

THE EFFECTS OF LEADING-EDGE EXTENSIONS, A TRATLING-EDGE
EXTENSION, AND A FENCE ON THE STATIC IONGITUDINAL
STABITITY OF A WING-FUSELAGE-TATL COMBINATION
HAVING A WING WITH 35° OF SWEEPBACK ARD AN
ASPECT RATIO OF 4.5

By Ralph Selan and Angelo Bandettini
SUMMARY

An investigation has been made of leading-edge extensions, a
trailling-edge extension, and a fence on the static longitudinal sta-
bility of a wing-fuselage-tail combinstion having a wing with 35° of
sweepback and an aspect ratio of 4&.5. The investigation involved the
use of force measurements and tuft studies of the stall progression.

The results of tests of the semispan model without any wing modi-
Tications indicated large forward movements of the serodynamic center
at moderate angles of attack up to a Mach number of 0.90. A leading-
edge chord extension with the inner discontinuity at 58 percent of the
wing semlspan proved effective up to 0.85 Mach number in increasing
the 1ift coefficlent at which this large forward movement in aerody-
namic center occurred and ceused no adverse effects at & Mach number
of 0.92. The leading-edge chord extensions with the lnner discontinu-
ity at TT7 percent of the wing semispan proved lneffective. A fence at
58 percent of the semispan improved the longitudinal stability at Mach
numbers below 0.85, but did not change the aerodynamic characteristics
of the model at the higher Mach numbers. A trailing-edge extension
was, in genersl, Ineffective in Improving the stability of the model
at all Mach numbers at which tests were conducted.

INTRODUCTION

Swept-wing airplanes having wings of moderate or high aspect ratio
tend to experience reductions in static longitudinal stability within
a limited range of angles of attack at both subsonic and transonic Mach
numbers. The alieviation of this reduction in stebility has been the
object of numerous wind-tummel and flight investigations such as those
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reported in references 1 through 6. The severity of the variations in
stebility differs considerably between various alrplane configurations,
depending primerily upon the character of the flow separation on the
wing and, also, upon the distribution and strength of the wing downwash
in the region of the tall.

Improvements in the static longitudinal stability have been
obtained by the use of various devices for controlling flow seperation.
These devices lnclude leadlng-edge slats, flaps, fences, vortex genera-
tors, leading-edge suction, and chord extensions (see, e.g., refs. 1, 5,
and 7). Some of these devices improve only the low-speed-stall charac-
teristics of & wing. Some of the devices, although effective in improv-
ing the static longltudinal-stability characteristics, are objectionzble
because of excessive mechanical complication and weight or because they
increase the drag.

Tests of leading-edge chord extensions (ref. 3) have shown that
this type of wing modification may be effective in improving the longi-
tudinal stabillity for a large range of subsonic Mach numbers. Further-
more, there is little, if any, drag penalty involved In such & wing
modification at low to moderate 1ift coefflcients, and the drag 1s
often decreased at the higher 1lift coefficients. Tests have indicated
that the effectiveness of such a wing-leading-edge modification depends
upon the geometry of the original wing, the type and spanwlee locatlon
of the initial flow separation on the wing, and upon the geometry, slze,
and location of the leading-edge chord extenslon.

Tests were conducted in the 12-foot pressure wind tunnel to deter-
mine the effects of varilous leading-edge chord extenslions on & model
which was longltudipally unstable within & limited angle-of-attack
range below maximum 1i1ft for Mach numbers up to about 0.90 (refs. 8
and 9). The model had a wing which was similar to that of an existing
airplane (ref. 4). The effects of a trailing-edge extension and &a
leading-edge fence were alsc lnvestigated.

NOTATION
Al1] ereas and dimensions used in the following symbols refer to
the unmodified wing:

o] wing span

c local wing chord parallel to the plane of symmetry
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¢ wing mesn aerodynsmic chord, A
/2
[P%e oy
o

ct wing chord at the inner end of the long-span leading-edge

extension
c? wing chord at the inner end of the short-span leading-edge

extension
cy wing chord at the tip
Cp drag coefficient, —ag—

1ift
Ct, 1ift coefficlent,
Cm pitching-moment coefficient about the quarter point of the
itching moment
wing mean aerodynamic chord, pite — i
gsc

1 length of body
1y tail length, distance from the guarter polnt of the wing

mean aerodynamic chord to the quarter point of the
horizontal~tail mean aerodynsmic chord

M free-gtream Mach number

q free-stream dynamic pressure

R Reynolds number based on wing mesn aerodynamic chord

T local radius of body

To maximm radius of body

S area of semispan wing

¥ coordinate in the lateral direction, normel to the plane
of symmetry

(e angle aof attack measured from body center line, deg
3
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( ) ~-curve slope at zero 1lift, per deg

3 ) pltching~-moment-curve slope at zero 1ift
C
L

MODEY. DESCRTPTION

Basic Model

The model used in this investigation (fig. 1) employed the solid
steel semispan wing used in the tests reported in reference 8. This
basic wing, referred to in the report as the unmodified wing, had the
quarter-chord line swept back 35°, and had a taper ratlo of 0.5 and an
aspect ratio of 4.5. The wing sections in planes perpendicular to the
guarter~-chord line were the NACA 64A010. The model had a full-spesn
trailing-edge flap but for this investigation this flap was locked at 09,
and all gaps at the hinge line were sealed. The horizontal tail was not
swept and had an aspect ratio of 4.3 and a taper ratio of 1.0. The
sections of the tail were the NACA 63A004.

The body consisted of g cast-aluminum shell on & steel spar. Coor-
dinsates for the body, which had a finemess ratioc of 12.5, were deter-
mined from the equation given in figure 1(a). A mehogany fairing was
used at the Juncture hetween the horizontal stabllizer and the support-~
ing pylon (fig. 2) « Both the fairing end pylon remained 1n place during
the tests when the horizontal stabillizer was removed. A description of
the geometry of the basic model is given in table I and figure 1(a).

Leading-Edge Extensions

The leading-edge extensions (fig. 1(b)) were machined from solid
steel. Thelr profiles falred into the origlnal wing at approximately
39 percent of the chord and were similesr to the forward part of the
original alrfoil, except for reduced thickness ratios and nose radli
(table II). The immer ends of the extensions were plane surfaces par-
allel to the plane of symmetry. The varlous leadlng-edge extensions,
which varled In spanwise location and chordwise dimension, are described
in the following paragraphs. .
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Long-span leading-edge extensions.- Leading-edge chord extensions
having spenwise dimensions that were 42 percent of the wing semispan
and located between 58 percent of the wing semispen and the tip are
referred to as long-span leading-edge extensions (figs. 1(b) and 2(c)).
The chordwise dlmension of one of these extensions veried from 10 per-
cent of the local wing chord at its inner end to O at the tip; whereas
& second extension varied from 15 percent of the local wing chord at
1ts 1nner end to O at the tip. A third long-span extension, which
increased the origlnsl wing area by 5 percent, had a chordwise dimen-
sion equal to 15 percent of the local wing chord over its entire span.

Short-span leading-edge extensions.- Leading-edge chord extensions
having spans equal to 23 percent of the wing semispan and located
between T7 percent of the semispan and the tip are referred to as short-
span leading-edge extensions (see figs. 1(b) and 2(d)). Except for the
span of these extensions and the location of thelr inner ends, the
geometry of the short-span leadlng-edge extenslons was similar to that
of the long-span extensions.

Inner leading-edge extension.- An inner leading-edge extension
which increased the wing chord by 15 percent of the original local wing
chord was located between 58 percent and T7 percent of the semispan
(figs. 1(b) and 2(e)).

Double, tapered leading-edge extension.- The double, tapered
leading-edge extension conslsted of two extensions installed so as to
produce discontinuities of the leading edge at 53 and 77 percent of the
semispan. Each of the two parts of this extenslion tapered from 15 per-
cent of the local wing chord at its inmer end to 0 &t its outer end
(figs. 1(b) and 2(£)}).

Trailing-Fdge Extension

A trailing-edge extension consisting of a solid, wedge-shaped,
mehogany falring covered on both upper and lower surfaces with plsstic-
impregnated glass fabric was also added to the wing. The straight,
unswept tralling edge of this extension intersected the originsl trail-
ing edge 45 percent of the semispan out from the model center line,
thereby lncreasing the wing root chord at the model center line by
36.8 percent, increasing the wing ares by 11 percent, and moving the
centroid of area rearward 2.T4 percent of & (figs. 1(b) and 2(g)).

The coordinates of the trailing-edge extension are given in table II.
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The model was also tested with a boundary-layer fence. The fence
(figs. 1(a) and 2(h)) was at 58 percent of the semispan and extended
from 5 percent of the chord on the lower surface of the wing around the
leading edge to 66 percent of the chord on the upper surface. The fence
extended 3.75 percent of the local chord above the wing and L4.19 percent
of the local chord ahead of the wing.

TESTS

Tests of the model were conducted with and without the horizontal
tall and employing varlous leading-edge extenslons, a trailing-edge
extension, and a fence. A combination of the leading-edge and trailing-
edge extenslons was also tested. Lift, drag, and pitching moment were
measgured at Mach nuwbers rangling from 0.20 to 0.92 at a Reynolds numbex
of 2,000,000. Additional data were obtained at a Reynolds number of
11,000,000 and a Mach number of 0.20 to study the effects of Reynolds
number varistion.

The angle of attack was varied from -4° to 240, except at the
higher Mach numbers where the range was reduced due to wind-tunnel
choking and to power limitations. In all cases, the horizontal sta-
bilizer was maintained at 0° incidence with respect to the body center
line. ’

L»

CORRECTIONS TO DATA

The data have been corrected for Jet-boundary effects, for con-
striction due to the tunnel walls, and for model-support tare forces.

Corrections to the data to account for jet-boundary effects due to
1ift on the wing have been computed by the methods given in reference 10.
The corrections, which were added to the angles of attack, drag coeffi-
cients, and the pltching-moment coefficients are shown In table ITI.
The dsta have been corrected for the constrlctlion due to the tunnel
walls by the methods of reference 11 and are listed in table III. The
effect of the sweep on these corrections has not been taken into account.

Tare correctlions to account for the drag due to the exposed ares
of the turntable were subtracted from the measured drag coefficients .
and are also shown in table ITI. No evaluation was made of the inter-
ference between the model and the turntable, and nc compensation was

Sy i
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made for the tunpel-fioor boundery leyer which had a dlsplacement thick-
ness of 1/2 inch at the turnteble.

RESULTS AND DISCUSSION

Model With Ummodified Wing

Figure 3 shows the effects of Mach numwber, at a Reynolds number
of 2,000,000, on the 1lift, drasg, and plitching moment of the model with-
out modifications. The pitching-moment data (fig. 3(b)) indicate that
at Mach numbers below 0.90, the center of pressure moved forward wlth
incressing 1ift coefficlent within a lift-coefficlent range that varied
to some extent with Mach number. Observations of tufts, which will be
discussed later, indlicate that inltlal separatlion occurred near the
leading edge below a Mach number of 0.90; whereas above thls Mach num-
ber, initigl separation occurred near the trailing edge.

Figure L shows the 1lift, pitching-moment, and drag data for the
unmodified model without the horizontal tall, but with the taill fairing
in place. A comparison of figures 3(b) and 4(b) shows that although
the tail contributed to the longitudinal stability at low and moderate
angles of attack, its contribution was small or negative at 1ift coef-
ficients where model instabllity cccurred. The model with the tail
removed became unstable at about the saeme angles of attack as the com-
plete model, but the extent of the center-of-pressure movement was not
as lasrge. Initisl instgbility of the complete model can be attributed
to the pitching-moment characteristics of the wing-fuselage comblnation,
but the extent of the loss iIn stability with Increasing angle of attack
was augmented by a decreasse in horizontal-tail effectiveness.

The Effect of Leading-Edge Modifications

Experience has shown that a variety of devices can be used to
remedy the low-speed longltudlnel instability occcurring et the higher
1ift coefficients for an airplane having a sweptback wlng. However,
few of these devices have been successful 1n contributing to the sta-
bility at high subsonic speeds. Therefore, initial tests were conducted
at Mach numbers of 0.80, 0.85, and 0.92 to determine the effects on the
stabllity characteristics of varistion of leadlng-edge-extension geom-
etry, size, and locatlion slong the span.

Msch number of 0.80.- Figures 5, 6, and 7 show the 1ift, drag, and
pitching-moment data obtalned with the leading-edge extensions and the
fence, at a Mach number of 0.80. Comparison of the pitching-moment data

AR




8 il NACA RM A53E12

Tor the original model and for the model with the long-spsn, leading-
edge extenslons (fig. 5(a)) shows that with the extensions added, there
was an Iincrease in the 1lift coefficlent at which a forward movement of
the center of pressure occurred. A rearward center-of-pressure movement
corresponding to a maximm Increwment 1n pitching-moment coefficient

of -0.05 resulted from the additlon of these extensions. From fig-

ure 6(a), it 1s apparent that the short extensions merely decreased
slightly the forward movement of the center of pressure. Results of
testing the inner extension, the double, tapered extension, and the
fence (fig. 7) indicate that these two leading-edge extensions were
more effective than the fence. The leading-edge extensions with the
inner discontinulty at 58 percent of the semispan proved most effec-
tive at a Mach number of 0.80.

Mach number of 0.85.- Lift, drag, and pitching-moment data obtained
at a Mach number of 0.85 are shown in figures 8, 9, and 10 for the model
with the leading-edge extensions and the fence. For the range of 1lift
coefficlents between 0.60 and 0.78, the long-span extensions lmproved
the pitching-moment charscterlistics of the original model, but to a
lesser extent than at a Mech number of 0.80 (fig. 5(a)). Figure 9(a)
shows that the short extensions had little effect on the pitching-moment
characteristics. Both the short, immer extension and the double, tapered
extension delayed the forward movement of the center of pressure which
occurred at a 1ift coefficient of sbout 0.60 on the original model;
whereas the fence was completely ineffective. As was the case for a
Mach number of 0.80, the extensions having their immer discontinuity
at 58 percent of the semispan proved most effective.

Mach number of 0.92.- Figures 11, 12, and 13 show the aerodynamic
characteristics obtained at a Mach number of 0.92 for the model with the
leading-edge extensions and the fence. The addition of these leading-
edge modifications did not result 1ln significant adverse changes in the
pltching-moment charecteristics of the original model.

The effects of Mach number for the mbdel with chord extensions
extending to 0.58 9/2.- Since the results presented previously indicated
that the leading-edge extensions with their inner ends at 58 percent
of the wing semispan were the most effective in improving the longitu-
dinal stability of the origlnal model, further tests were conducted with
the long-span and the inner, constant-percent-chord extensions.

Lift, pltching-moment, and drag data.for the complete model with
the long leading-edge extension are shown in figure 1k. Data for the
model with the horizontal tail removed are shown in figure 15. It can
be seen from figure 15(b) that the effect of adding the long-span
leading-edge extension to the model without the tall was to eliminate
or delay to higher 1lift coefficients the forward center-of-pressure
movenent at all the test Mach numbers up to 0.90. Compsrison of the
data for the compléte model with those for the model with the tail
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removed indicates that the loss in tall effectiveness at high angles of
attack was not as great as in the cease of the original model. Addition
of the leading-edge extension resulted in little or no change in the
values of pitching moment at zero 11ft for the various test Mach
numbers.

Accompanying the improvement in the longltudinal stability of the
original model, the data indicate reductlons 1n drag at the higher 1ift
coefficients and little or no increase at lower 1ift coefficients as a
result of adding the long-gspan leading-edge extensions to the wing. In
connection with the drag reductions, tuft studles indicated reductions
in the areas of flow separatlon.

Data. obtalned at severel Mach numbers with the original model modi-
fied by the addition of the short, 15-percent-chord extension at the
inner location are shown in figure 16. Comparison of figures 16(b)
and 14(b) shows that the stability improvements due to the short-span
inner extension closely approach those contributed by the long-span
leading-edge extension. (Both the long and short extensions had their
inner ends 0.58 b/2 from the body center line.)

The effects of & long-span chord extension at low speed and a
Reynolds number of 11,000,000.- The effects of adding the long-span
chord extension at & Reynolds number of 131,000,000 and a Mach number
of 0.20 are shown in figure 17. Comparison of figures 3 and 17(a) indi-
cates that increasing the Reynolds number from 2,000,000 to 11,000,000
increased the angle-of-attack raenge for which the 1ift and pltching-
moment curves remained essentially linear.

Tests of both the long, constant 15-percent-chord, leading-edge
extension and the long, tapered, 1lO-percent-chord extension indicated
that these extensions eliminated the forward center-of-pressure move-~
ment present with the originel model and increased the meximum 1ift
coefficient by nearly 0.20. In addition, the shapes of the 1lift curves
near meximum 1ift were not altered (fig. 17(a)).

Tests of the wing-body combinstion with the long (0.2 b/2), con-
stant 15-percent-chord, leading-edge extension (fig. 1T7(b)) indicate
that the Ilmprovement in longitudinal stabllity was primariliy due to the
beneficial effects of the leading-edge extension upon the wing-fuselage
charsacteristics.

The Effects of a Tralling-Edge Extension and of a Trailing-
Edge and Leading-Edge Extension Combined

Effects of Mach number.- Figure 18 shows the effects of a trailing-
edge extension on the aerodynamig_c@grggteristics of the basic model at
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Mach numbers up to 0.92. Similar data are shown in figure 19 for the
model without the horizontsal tall. The trailing-edge extension was not
effective in improving the pitching-moment charscteristics of the model.

The effect of adding both & leading-edge extensiorn and a tralling-
edge extension to the basic model is shown in figures 20 and 21. Com-
parison of the data in flgure 20 with similar data for the wing with
only the leading-edge extension (fig. 14) indicates that the improve-
ment in stability was due almost entirely to the leading-edge chord
extension.

Reynolds number of 11,000,000.- Lift, drag, and plitching-moment
data obtained at a Reynolds number of 11,000,000 and a Mach number
of 0.20 for the complete model with the traililing-edge extension in com-~
bination with the long-span, constant-percent-chord, leading-edge
extension and for the ummodifiled model are shown in filgure 22. As was
the case at a Reynolds number of 2,000,000, the tralling-edge extension
had little effect on the characterlistics of either the plain wing or
the wing with a leading-edge extension (cf. figs. 22 and 17(a)).

The Effects of the Fence

The effects of Mach number.- Lift, plitching-moment, and drag data
for the complete model with a fence ere compared with data for the
unmodified model at Mach numbers from 0.20 to 0.92 1In figure 23. It is
seen in figure 23(b) that at Mach numbers of 0.80 and less, the fence
increased the 1ift coefficients at which a sudder loss in longltudinal
stabllity occurred. At Mach numbers of 0.85 and 0.90, the fence was
completely ineffective. At a Mach number of 0.92, the addition of the
fence resulted in no changes 1ln the stability of the origlnal model.
Figures 23(a) and 23(c) show that the 1ift was increased and the drag
was generally decreased at the Mach numbers (0.20 to 0.80) and 1ift
coefficlents at which the stebllity was Improved by addition of the
fence. Similar gains resulting from the use of & leadlng-edge fence
were shown In reference 3.

Comparison of deta obtained with the horizontal tail removed from
the model (fig. 24) and data for the complete model (fig. 23) reveals
that the addition of the fence had little effect on the flow at the
horizontal tail.

Reynolds number of 11,000,000.- Shown in figures 25 and 26 are the
1lift, drag, and pltching-moment data for the model wilth the leading-
edge fence at a Reynolds number of 11,000,000. These data indlcate
that adding the fence eliminated the large forward movement of the wlng
center of pressure, Increased the maximum 11ft coefficlent approximately
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0.13, and did not glter the shape of the 1ift curve near maximum 1ift.
Comparison of figure 1T7(a) and figure 25 indicates that the effects of
the leading-edge extension and of the fence are similasr at this Mach
nunber and Reynolds number.,

Summery of the Effects of Compressiblility

The variation with Mach number of lift-curve slope, piiching-
moment-curve slope, and drag coefficient is shown in figure 27 for the
original model with the unmodified wing and the model with the long-
span, constant 15-percent-chord, lesding-edge extension. It is seen
that, in general, the variation of the above-mentlioned parameters with
Mach number is &bout the same for the modified and unmodified models.
Addition of the leading-edge extension caused little or no lncrease in
drag at the lower 1ift coefficients; whereas 1t caused a reduction in
drag at a 1ift coefficient of 0.6.

Remarks on Flow Separation

Some indication of the effects of the leading-edge chord extension
and of the fence on the flow over the wing and on the stall progression
was provided by cbservation of tufts on the wing. At all the test Mach
nunmbers below 0.85, flow separation on the original wing first occurred
near the leading edge. At the higher Mach numbers, 0.90 and 0.92, the
flow separated first nesr the traillng edge on the outer portion of the
span and, as the angle of attack Increased, the separation spread for-
ward and inward. The wing modlfications were most effective in improv-
ing the model stebllity and in altering the areas of flow separstion
when the leading-edge type of separation was present.

Mach number of 0.20 to 0.80.-~ At & Reynolds number of 11,000,000
and a Mach number of 0.20, the initial separation occurred close to the
leading edge and was accompsanied by & pronounced outflow in the narrow
region of separation. When the fence was added, the initial separation
near the leading edge occurred at about the same angle of attack as on
the unmodified model, but was reduced in chordwise extent, except at the
tip and Jjust inboard of the fence. When the chord extension was added
to the wing leading edge, the areas of flow separation were similsr to
those on the wing with the fence.

At a Reynolds number of 2,000,000 and at Mach numbers from 0.20
to 0.80, separation on the original wing followed patterns similar to
those at a Reynolds number of 11,000,000, except that extensive separsa-
tion began at much lower angles of attack and progressed more graduslly
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over the rest of the wing. In each case, the forward movement of the
center of pressure indicated by the pitching-moment data was accompanied
by & chordwlse and spanwise spreading of the region of separatlion. At
angles of attack below those at which longitudinal instability occurred,
leading-edge separatlon was observed along a large portion of the span.
The separation extended from the leading edge back a very short distance
along the chord at the inner extremity, but widened to extend over an
increasingly large part of the chord toward the tip. The region of sep-
arated flow near the leading edge remained smell, and early reattachment
occurred behind this region near the root. The boundary-layer control
was due to the three-dimensional nature of the flow; in regions along
the span where this condition exlsted, outflow wlthin the separated
reglion removed some of the separsted flow and permitted reattachment
near the leading edge, thus avolding the sudden, rapid, rearward exten-
sion of separation that 1s typlcal of & two-dimensional flow with simi-
lar initlsl) separation.

When the fence was added to the wing, the section Just outboard of
the fence presumasbly benefitted from the Pavorable effects of three-
dimensional flow in the same manner as did portions of the ummodified
wing near the root. Although local separation occurred at the leading
edge, the point of reattachment remasined near the leadling edge of the
wing Just outbosxrd of the fence. Immedlately inside the fence, no
favorgble control of the boundsry 1ayer was present and separation
extended over most of the chord.

As with the fence, the chord extenslons apparently prevented the
flow within the reglon of leading-edge separation (on the inner portion
of the wing) from continuing spanwise across the leading-edge disconti-
nuity. As & result, the wing immediately outboard of the discontinuity
benefitted from boundery-layer control due to outflow in the region of
leading-edge separation on the outer portion of the wing. Elimination
of spanwise flow at the discontinuity can be attributed to the effect
of & vortex generated by the dlscontinulty which streamed over the upper
surface of the wing, thus introducing an aerodynamilc barrier to inter-
rupt the outflow and deflect 1t rearward and also energlzing the bound-
ary layer by introducing into it air from the stream outside the boundary
layer. The inner face of the leading-edge extension msy also have acted
as a physical barrier to the spanwlse flow in much the same manner as
the fence.

Mach number of 0.85.- Examipation of tuft photographs indicates
that at a Mach nuwber of 0.85, the flow separation on the original wing
filrst occurred near the midchord at the tip and then spread progressively
inward. The growth of the reglons of separation did not appear to be
directly associated with a spanwise flow in the boundary layer at this
Mach number. Addition of the fence had practlically no effect upon the
location of the separation, or upon the ptatic longitudinal stebility.
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Adding the chord extension, however, delayed the static instability and
resulted in flow patterns which appeared to be similar to those at lower

Mach numbers with the chord extension on the wing.

fiit=t0 S UER G110 iy = N IR T O Al e P ki ke

Mach numbers of 0.90 and 0.92.- At Mach numbers of 0.90 and 0.92,
the tuft data indicated that separation inlitielly occurred on the origi-
nal wing neer the trailing edge. However, no abrupt shift in center of
pressure occurred on the originsl wing at a Mach number of 0.92. Neither
the fence nor the leading-edge chord extension significantly affected
the stability of the model. The areas of separation were practically
unaffected by the addition of the fence, but addition of the leading-
edge chord extensions eliminated some of the separated flow Just outside
the leading-edge discontinuity. This elimination or reductlon of sepa-
ration at this spanwise location was an effect of the chord extension
that was observed at relsastively high sngles of attack at all the Mach
numbers of the test, which may account for the reduction in drag men-
tioned previously.

CONCLUDING REMARKS

Test results have been presented to show the effects of varlous
modifications including several leading-edge extensions, & tralling-edge
extenslon, and a fence on the static longitudinal stability of a model
with a 35° sweptback wing.

The data from the tegts indicate the following:

1. The forward movement of the center of pressure with incressing
angle of attack, which occurred at Mach numbers below 0.90, could be
substantially decreased or delayed to higher 1ift coefficients by the
addition of a leadling-edge chord extension. Tuft studies indicated
that initlal separation occurred near the leading edge below a Mach num-
ber of 0.90.

2. The leading-edge extensions with the inner discontinuity at 58
percent of the semlgpsn eliminated or reduced the forward movement of
the center of pressure at moderate 1ift coefficients for Mach mmbers
of 0.80 and 0.85, whereas the leading-edge extensions with the inner
discontinulty at 77 percent of the wing semispan were comparatively
ineffective gt these Mach numbers.

3. Addition of the leading-edge fence to the wing at 58 percent of
the wing semispan improved the longitudinal stability at moderate 1ift
coefficients at Mach numbers below 0.85, while at Mach numbers of 0.85
and above the stabllity characteristics differed little from those of

the originel model.
]
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4. At a Reynolds number of 11,000,000 and a Mach number of 0.20,
the addition of eilther a long span leading-edge chord extension or a
fence increased the maximum 1ift coefflclent, eliminated the forward
movement of center of pressure at the stall, and did not change the
shape of the 1lift curve near maximum 11ft.

5. The tralling-edge extension was, in general, ineffective in
Improving the stablllty of the origlinal model at the Mach numbers and
Reynolds numbers at which tests were conducted.

6. The addition of the long-span, constant-percent-chord, leading-
edge extension to the original model caused a reduction in drag at high
1ift coefficients and little or no increase in drag at low 1lift
coefficients.

Ames Aeronsutical ILaboratory
National Advisory Committee for Aeronautics
Moffett Fleld, Calif., May 12, 1953

REFERENCES

1. Makl, Ralph L.: Full-Scale Wind-Tunnel Investigation of the Effects
of Wing Modlifications and Horlzontal-Teill Location on the Low-
Speed Static Longitudinal Characteristics of a 350 Swept-Wing
Alrplane. NACA RM A52B05, 1952.

2. Morrill, Charles P., Jr., and Boddy, Lee E.: High-Speed Stsbillty
and Control Characteristics of a Flghter Alrplane Model With a
Swept-Back Wing and Tail. NACA RM ATK28, 1948.

3. Goodson, Kenneth W., and Few, Albert G., Jr.: Effect of ILeading-
Edge Chord-Extensions on Subsonic and Transonic Aerodynamic
Characteristics of Three Models Having 45° Sweptback Wings of
Aspect Ratio 4. NACA RM L52K21, 1952.

L, Anderson, Seth B., and Bray, Richard S.: A Flight Evaluation of
the Longitudinsl Stability Characteristics Assoclated With the
Pltch-Up of a Swept-Wing Alrplane in Maneuvering Flight at
Transonlc Speeds. NACA RM AS5iYi2, 1951.

5. Jaguet, Byron M.: Effects of Chord Discontinuities and Chordwise

Fences on Low-Speed Static Longltudinal Stability of an Airplane
Model Having a 35° Sweptback Wing. NACA RM L52c25, 1952.



NACA RM AS3EL2 W 15

6.

106.

Fischel, Jack, and Nugent, Jack: Flight Determination of the
Longitudinal Stability in Accelerated Maneuvers &t Transonic
Speeds for the Douglas D-558-IT Research Airplane Including the
Effects of an Qutboard Wing Fence. NACA RM L53A16, 1953.

Goodson, Kenneth W., and Few, Albert G., Jr.: Low-Speed Aero-
dynamic Characteristics of a Model With Leading-FEdge Chord
Extensions Incorporated om a LOC Sweptback Circulsr-Arc Wing of
Aspect Ratio LI and Taper Ratio 0.50. NACA RM L.52T18, 1952.

Tinling, Bruce E., and Dickson, Jerald K.: Tesis of a Model Hori-
zontal Taill of Aspect Ratio 5-.5 in the Ames 12-Foot Pressure Wind
Tunnel. T - Quarter-Chord Line Swept Back 35°. NACA RM A9G13,

19k9.

Demele, Fred A., and Sutton, Fred B.: The Effects of Increasing
the Leading-Fdge Radius and Adding Forward Cember on the Aero-
dynamic Characteristics of a Wing with 35° of Sweepback.

NACA RM AS0K28e, 1951.

Sivells, James C., and Salmi, Rachel M.: Jet-Boundary Corrections
for Complete and Semispan Swept Wings in Closed Circular Wind
Tunnels. NACA TN 2454, 1951. '

Herriot, John G.: Blockage Corrections for Three-Dimensional -Flow
Closed-Throat Wind Tunnels With Consideration of the Effect of
Compressibility. NACA Rep. 995, 1950 (Formerly NACA RM ATB28).



16 AENETENR.. NACA RM AS3E12

TABLE I.- GEOMETRY OF BASIC MODEL

Wing (without leading- or trailing-edge extensions)

ABPeCt TBELO + o 4 ¢ 4 4 4 4 e e e e st e e e s s e e e e . . k5B
Taper TBEI0 « ¢ ¢ ¢ ¢ o ¢ o ¢ & o o v o « o o o s = o o« o« o o o 0.5
Sweep of quarter-chord 1line, @8eg . . « « « ¢« ¢ o &+ o« o o « « « » 35
Section normal to quarter-chord line . . . . . « . . . . NACA 6LAOLO
Area (semispan), 8@ £H + + -« ¢« ¢ ¢ ¢ « v e« « 0 o 0 o o o . B4H3
Mean aerodynamic chord, F£ « « « v v v 0 « « ¢« « « o « o + « « 1.458
Dihedral, GEE « « o o o o o o o o o o o o o o b bt e e e e e .0
Incidence, A€ « v « o « ¢ « ¢ o o a s o ¢« ¢ o o s« « o s « o « o 0.5
Position onn body + v « ¢ ¢ & « ¢ &+ o o o« o « o o o o s o« o » midwing

Body
Fineness ratio & ¢ ¢ ¢« o 4 o ¢ ¢« o & o o o o o o o o ¢ ¢« o ¢« o« 12.5
Length, £t . . . . A Y -3
Frontal area/wing BYCE o o o o o o o s s o o s @ s s o o @ & 0 0303
Horizontel Teil
Aspect ratio . e e o e« « o 4.333

Taper I‘a‘tio . . . . . . . . . . o . .« e L] . . « e « » - . . . . 1 . 0
Sweep, A28 « ¢ + ¢ ¢ 5 ¢ 2 o o 2 e s e 4 s s 4 o o o o 4 s & o = 0]
Section . . . . . G e s e e s e ee e . « « « « NACA 634004

Area (semispan), 83 ft ¢« « v « 4 o o« ¢« 0 o o . . . . 0.582
Tail length (zts Th o o vt e e e e e e e e s s s e e e s e . 3.267
Incidence, deg « . « « . e o & s e o s = o s 2 s s 6 & & e e 0
Vertical distance above wing -chord plane

extended « v v v o i 4 e e e e e e s e e e e e e e . 0.218 pf2

HAA”
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TABIE IT.- COORDINATES OF SECTIONS IN STREAM DIRECTION®
[A11 dimensions in percent of chord of original section]

Section with 10% |Section with 15%|Section with
(s tgiﬁ?:]e- g_::-zzz?on) chord L.E.exten- |chord L.E.exten-| T.E.extension
sion(inboard end)|sion(inboard end)| (root station)
Ordinate Ordinate Ordinate Ordinate
Station {Upper oxr Station|Upper or |Station|Upper or| Station Upper or
lower lower lower lower
0 0 -10.000| © -15.000}| O A 4
Jdoo| .300 -9.875| .300 -1%k.863] .300
200§ .k438 -9.750{ .h38 -1k.725) .438
.300} .537 -9.625| .538 -1k.587( .538
5781 .732 -9.275] .731 ~14.200| .T31
866} .881 -8.919| .881 -13.800( .881
1.200| 1.019 -8.49k| 1.019 -13.338| 1.019
l.4k2! 1,113 -8.19k| 1.113 -13.006| 1.113
2.000| 1.288 -7.488} 1.288 -12.225] 1.288
2.877] 1.531 -6.381{ 1.531 -11.000| 1.531
k.000| 1.781 -b.975] 1.781 -9.450| 1.781
5.730 | 2.103 -2.79k4| 2.106 -7.04k| 2.106 |(Seme as|(Same as
8.562| 2.525 7561 2.525 3.125| 2.525 orig. | orig.
11.372| 2.869 L.288) 2.869 .T81| 2.869 sec.) sec.)
16.929| 3.39% 11.281) 3.394% 8.500| 3.39k
22.402} 3.77h 18.150} 3.775 16.081} 3.775
27.794 | 4.038 24%.938) L.038 23.575| k.038
33.106 | k.210 31.606] 4.213 30.9h) L.213
38.340 | Lk.292 36.000} 4.288 36.000| 4.288
38.760 | L.29k 38.181) 4.29k 38.206] k.29k
§3.402 | L.28k%
48.582 | Lk.167 v v
53.592{ 3.959 53.538] 3.956
58.531| 3.683 62.3k2( 3.539
63.400| 3.351 TL.067| 3.121
68.201 | 2.976 (Same ad (S as |{Same as{(Same as| 79.702[ 2.708
T2.935] 2.570 orig. | orig. orig. | orig. 88.178] 2.30k4
77.603] 2.1%0 sec.) | sec.) sec.} | sec.) 96.486] 1.909
82.207| 1.70k% 10Lk.788] 1.51h4
86.748 | 1.273 112.847 1.132
gir.227| .849 120.906| .7k
95.646!1 430 128.796] .373
100.000§ O 136.605 O

leading-edge extensions.

1p1so describes the section at all stations of the constant-ckhord 15-percent

“!ﬂ‘!"’
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TABIE IIT, - CORRECTIONS TO DATA

(a) Corrections for Jet-Boundary Effects

M | a/C /c12 ACn/CL
L | 40D/ L e body | Wing—body—tail

0.20 [0.384 [ 0.00590| 0.0010 0.004}

60 | .397| .00600 .0016 .0061

80 | k15| .o0607 .0020 L0077

85| .2k | .00605 .0023 .008%

.90 | 438 | .00602 .0027 .0097

92 | 45| .o00601 .0031 L0104

(b) Corrections for Constriction Due to Tunnel Walls

Corrected Uncorrected - Qcorrected
Mach number Mach number Q.u_nc orrected
0.200 0.200 1.002
.600 .599 _ 1.003
.800 797 1.005
.850 .846 : 1.006
.S00 .892 . 1.010
.920 .909 1.012

(¢) Tare Corrections

R X 10-8 M Comgre
11 0.20 | 0.0043

2 .20 .00L5
.60 0045

.80 .0050

.85 .0053

.90 | .0057

.92 0060

REA
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(a) Complete model.

Figure 1.~ Drawings of the model.

Wing chord place extended
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Note: Dimencions given in inches
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Original section .
t c J Extended ftrailing edge Dimensions given In
l—-r536c--| inches unless otherwise
specified.

Section ArA

#47%

/T:?” —.:f/ |—s.27

Mode! with frailing-edge chord extension.

i
o
d

f0c’ fapered extension .I5¢" tapered extension .f5¢ chord extension

Long spgn leading-edge chord extensions

f5¢c” —l r—Z

10c” rapered exfension f5¢” flaopered exrension I5¢c chord extension

N

f5¢, I" o
ke

Short spon leading- edge chord extensions

JfGe" t5e*
e’ t5¢". [—-1

.rals % I

.580 %

;Origlnd section

Typical section
looar chord extension Double extansion Extended feading edge

(b) Wing leading- and trailing-edge modifications.

Pigure 1l.- Concluded.

ohline



(a) Complete model. {b) Tail.

Figure 2.~ Photographe of the model end modifications.
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(c) Long, constant 15-percent-chord,
leading-edge extension.

Flgure 2.- Continpued.

(d) Short, tapered, 10 percent-chord,

leading-edge extension.
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(e) Shart, immer leading-edge extension. (£) Double, tapered leading-edge extension.

Figure 2.- Continued.
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(g) Model with leading-edge and trailing-edge

=
5
=
Ul
15
extensions. I

Figure 2.- Corncluded.




Lift coefficient,C,
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-4 0 4 8 B 6 20 249 28 for M=020
Angle of allack, a,deg

(8) Cp vs o

Figure 3.- The effect of Mach number on the aerodynamic cherecteristics of the complete

model. R, 2,000,000,
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Lift coefficient, G,
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(b) Cp, vs Cp

Figure 3.~ Continued.
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Lift cosfficient,C,
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|\
LT
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Drag coefficient ,C,

(c) Cr, v8 Cp
Figure 3.~ Conecluded.
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M=Q20 M=060 M=080 M=085 M=030 M=032
/_0 (l! 1 ‘l> -3 A4 o
¥ H/r—a-_' T e 1 A
ANENFaaRRLaNn 7
§ £ ] f’ !& v ¥ ~
% i - f) 4 7/
| - Ve )

x 2 (.
5 - A4/
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' Jf{ a }f’ £ 7 [

ol 17 / i 7

G ; { )J
4 i 4 N

-4 0 4 8 [2 K 20 249 for M=0Q20
Angle of aoffock,a, dey

(8) Cp, v8 a

Figure 4.~ The effect of Mach mmber on the aerodynamlic characteristics of the model without
tell. R, 2,000,000.
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Lift cosfficient, G

M=020
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0 -04

=08 /2 for M=020
Pitching-moment coefficient, Gy

(b) CL ve Cnp

Figure L.~ Continued.
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Lift coefficient, G
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Drag cosfficient, Gy

(e) Cp, ve Cp

Figure %.- Concluded,
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Lift coefficient, G
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Pifching-moment coefficient, Gp,

(a) Cp, v a3 C1, ve Cnm

Figure 5.- The aerodynamic characteristics of the complete mpdel with long-spsn leadinpg-edge

extensions at a Mach mumber of 0.80. R, 2,000,000.
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Figure 5.- Concluded.
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Lift cosfiicient, G,

4

R

. “'?7 in
el L4 0 &
ﬂn ©
ﬂ il ] 2 h [ oA ﬁj{,@:___..d
o : P o1 B ™
,..:ferP’f; i 43:0)’ I — :: 3, Q—f
- s A Pod
L IF £ ) AN A
5 4 5 2‘ K ,Ef | ;ﬁ’
yEP ) Jz
AT FANTARranr
{ - 1 : f )4
11 et S

-4 0o 4 & B 8B 20 249 Jor origiol moodsl
Angle of aitack,a,deg 08 D4 O -04 -08 -2 /6 =20 =24 for original model
Pifching-moment coafficient, Cey

(a) Cp, va a; Cp va Cp

Figure 6.- The serodynamlc characteristics of the complete model with short-span leading-edge

extensions at & Mach number of 0.80. R, 2,000,000.
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Lift coefficient, G
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Figure 6.- Concluded.

hE

CIEECY WY VOVN




Lift coeffician?, G;

4

12 lﬂl /?J
o /A Wl i uN N Bt
& T | y@fﬁ" ,v*/ ] _:J/ ,f’
g P i e
}5 F{ }( ) 4 A f )“/
# f’}g /jj f / .}’ )ﬂ/:F P )
° /J | vj | J/ | /K
2 gl | 1 5/ f rFARTANrE ~
AR AN K Hl I FLLA
> *Tf! if i ﬁ{, R

4 0 4 & 2 KB 20 249 [for original model
Angle of aftock,a, dog 08 04 0 =04 -~08 =£2 -I6 =20 =29 for original mode/
Prtching-moment  coefficient, Gy

(8) Cr, ve a3 Cp, va Cn

Figure 7.~ The aerodynamic characteristice of the complete model with en inner leading~edge
extenalon, & double, tapered extension, and a fence at a Mach mumber of C.80.
R, 2,000,000.
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Flgure T.- Concluded.

g 4 =
/7 o it
.4.0. 2 J,.LA::ﬁ 4
o 1@ T ‘yaAy
AL a1 17
j’ A
. [
] ! [
3 & 3
ol | [5 ] &
i? EEEEEE
g TR
0 04 08 2 J6 20 24 28 32 35 40 44 for original mode/

g€

g
%
Z
&
B
o




4

Lift cosfficient, G,
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Pitching-moment coefficient, G,

(8) Cy, ve a; Cp, v8 Cm

Figure 8.- The aerodynsmic characteristics of the complete model with long-span leading-edge
extensions at a Mach nmumber of 0.85. R, 2,000,000,
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Lift coefficient, Gy
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Drag coefficient , Cp,
(b) Cp, ve Cp

Figure 8.- Concluded.
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Lift coefficient, ¢,
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Figure 9.~ The aerodynamic characteristics of the complete model with short-span leadlng-edge
extenaions at a Mach number of 0.85. R, 2,000,000.
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Figure 9.- Concluded.
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Lift coefficient, G,
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Figure 10.- The aerodynamic charecteristics of the complete model with an inner leading~edge
extension, & double, tapered extension, and a fence at a Mach number of 0.85. R, 2,000,000. &
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Figure 10.- Concluded.
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LIft coefficient, C,
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Figure 11.~ The aerodynamic characteristlcs of the complete model with long-span leading-edge
extensions at a Mach mmber of 0.92. R, 2,000,000.
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Lift coefficient, G,
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Figure 11.- Concluded.
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Lift coefficient, G,
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